It has been known for many years that the eating of leaded paint Is the prime cause of lead poisoning and elevated blood leads of children living in deteriorated housing. Recently, there has been speculation that children may eat dirt and dust contaminated with lead exhausted from cars and that this amount of ingested lead is sufficient to contribute significantly to the childhood lead problem.
therefore not a significant contributor to the lead content of dirt around houses where children usually play.
The second part of the study used a naturally occurring radioactive tracer '10Pb to determine the relative amounts of dust and other lead-containing materials (e.g., paint) eaten by young children. This tracer is present in very low concentrations in paint and in significantly higher concentrations in fallout dust. Stable lead and '"'Pb were analyzed in fecal material from eight children suspected of having elevated body burdens of lead and ten children living in good housing where lead poisoning is not a problem.
The normal children averaged 4 ,ug Pb/g dry feces, with a range of 2 to 7. Of the eight children suspected of having elevated lead body burdens, two had fecal lead values within the normal range. However, the remaining six were 4 to 400 times as high. Despite these differences in fecal lead between the two groups, the groups were essentially identified in the "0Pb content of their feces. The "elevated" children averaged 0.040 pCi of tPb dry feces, while the normal group averaged 0.044 pCi/g. The results provide sound evidence that these children suspected of elevated lead body burden were not ingesting dust or air-suspended particulate.
Lead poisoning in children, especially areas of our larger cities where housing those under 4 (3) in a study in Illinois, found that co elevated blood lead was also common in smaller cities. In this study, they screened children from poor housing areas and concluded that the lead problem is not confined to large cities. The common factor between the large and small cities was deteriorated housing.
Recently, it has been speculated that dirt, dust, and air-suspended particulates may also contribute to lead poisoning in children (4) . In order to consider these sources, it is necessary to define these terms. Air-suspended particulates are defined as solid particles in the air that can be removed by filtration. By dust we mean solid particles that settle from the air. Dust is usually measured by placing buckets or pans outside and allowing them to catch material that falls from the air. Equivalent terms used in this paper are dustfall and fallout dust. Dirt refers to dustfall mixed with other materials, including soil.
This paper considers two aspects of the childhood lead problem: (1) the major sources of lead in dirt around houses where children play; (2) the extent to which children take in dust and air-suspended particulates.
Lead in Dirt
Past studies have shown that deteriorating paint is an important source of elevated lead in dirt. Hardy et al. (5) have reported on analysis of lead in dirt near a barn remote from traffic in rural Lincoln, Massachusetts. Dirt next to the barn contained 2000 ppm of lead, and the level 20 ft from the barn was 160 ppm. Bertinuson and Clark (6) concluded that urban housing appears to be a larger contributor to elevated lead in dirt than emissions from vehicular exhaust. Fairey and Gray (7) found high concentrations of lead in dirt in yards, with the highest concentrations generally near the houses. They attributed this lead to paint and ashes.
In this study, we sampled dirt at nine sites around each of 18 frame houses in widely scattered urban areas of Detroit. These areas are characterized by old houses that had been painted with lead-based paint, presumably for many years. Analysis confirmed that all houses were coated with paint containing lead. Paint chips taken from the sides of the houses contained 3-26% lead. Most of the houses were vacant at the time of our sampling, but are in areas where the neighboring houses were occupied. Moreover, most of the vacant houses were in such a state that reoccupation is to be expected. Similarly, dirt samples were taken at nine sites around each of 18 houses of brick construction. In all cases, these houses have painted trim and were chosen so that the homes immediately adjacent were also brick to minimize contamination from the neighboring houses.
For each urban house, surface samples were taken at the following nine locations: (1) dirt in the street gutter; (2) dirt between the sidewalk and curb adjacent to the curb; (3) dirt two feet toward the house from the front sidewalk; (4)- (7) dirt on each of the four sides of the house within 2 ft of the house; (8), (9) dirt 10 ft from the house in the front and back yards.
We also sampled dirt around seven farmhouses in an area remote from traffic located about 30 miles from the nearest city and about 50 miles north of Detroit. All of these houses were on little-traveled gravel roads. Each house was set well back from the road, usually at least 150 ft. Samples were taken on all four sides of the farmhouses at 2, 10, and 20 ft from the houses. A sample was also taken on each farm several hundred feet away from the buildings and the road to allow a determination of the background level of lead. Samples were taken from the surface in the same manner as used for the urban samples. Tables 1 and 2 show the data from this survey. Lead in dirt within 2 ft of the urban frame houses averaged 2010 ppm with no obvious bias for front, sides or back. Lead in dirt in the middle of the yards averaged 436 ppm, and again there was no bias toward front or back. The distribution around the brick houses was similar, but the lead Environmental Health Perspectives Background  1  2162  417  67  9  2  450  429  144  27  8  6338  2093  166  26  4  1896  199  74  74  5  5184  556  640  12  6  840  428  107  63  7   831   141  268  94  Average  2529  609  209  44 Each value is the average of four samples, one collected on each side of the house.
ppm within 2 ft of the farmhouses and 609 ppm at 10 ft and 209 ppm at 20 ft from the houses. Table 3 shows the comparison between frame houses in the city, brick houses in the city, rural houses, and one literature source of lead around a barn. The comparison indicates that most of the lead in dirt is due to paint, based on the following reasoning. The lead in dirt within 2 ft of the frame houses in the city averages just over 2000 ppm. The lead in dirt 10 ft from these houses averages over 400 ppm and is similar in the front and back yard. If vehicular traffic were a significant source of lead, the front yard would contain more lead than the back. Since these data at 2 ft and 10 ft from the house are similar to our data from frame houses in rural areas and to the data of Hardy et al. (5) , it is clear that traffic is not contributing significantly to lead in the dirt in the yards of the painted frame houses. This conclusion is supported by the data on lead in dirt around the brick houses. The lead in dirt within 2 ft of these brick houses is more than double that at 10 ft, indicating that the painted trim of the house is the prime source. As expected, the much smaller painted surfaces of the brick houses result in much lower lead concentrations near these houses than near the painted frame houses. As with the painted frame houses, the concentrations 10 ft from the houses are similar in the front and back yards. Here again, it is evident that traffic does not have a significant effect. The lead in the street gutter was similar for both brick and frame houses. Thus, all evidence points to paint as the prime source of elevated lead in the yards, where the children would be most likely to play.
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Children and Lead in Dust
The data from the first part of the study show that paint is the major source of lead in dirt around the houses where children usually play. The role of lead in air-suspended particles and in fallout dust must be considered separately, since lead in gasoline significantly contributes to lead contents of air-suspended particles and fallout dust (8) .
To distinguish between the leaded paint a child might eat and the contribution of lead he might receive from eating dust, it is necessary to find a material that is present in dust but not in paint. The reverse would also be useful. Many elements in addition to lead are present in paint. These include titanium, zinc, calcium, barium, chromium, and aluminum, as well as traces of cobalt, manganese, and other metals. Unfortunately, these metals are also present in dust and dirt in relative amounts that are about the same as those in paint.
Lead-210, a naturally occurring radioactive isotope of lead, is a useful tracer for this purpose. It is generated from radon, which is present in the soil. Part of the radon escapes to the air and part stays in the soil. The radon disintegrates with a halflife of 3 days to produce 210Pb, which has a half-life of 22 yr (9) . Because it is present in the atmosphere, fallout dust is enriched in 210Pb, while paint has very low concentrations of 210Pb.
We have analyzed samples of paint, dust, dirt, and air-suspended particulate for their 210Pb content. Table 4 shows the resulting ranges of the 210Pb content of these materials.
The large differences in concentration occur because of the vast difference in the amount of solids associated with the 210Pb, not because the 210Pb varies so greatly. For example, the amount of dust in the air per cubic meter is very small, and the amount of solids in a handful of dirt is enormous in comparison.
The concept was to use 210Pb as a tracer to determine the amount of dust and perhaps the amount of dirt eaten daily by a child. As lead and 210Pb are absorbed poorly in the gut, an estimate of the lead and lead-210 can be made from analyses of fecal matter. If a child has a high level of lead in his fecal matter and a normal level of 210Pb, we would conclude that the lead elevation is a result of eating paint. However, if both the lead and lead-210 are high in the fecal matter, we would conclude that dust and dirt are contributors in addition to paint.
At Children's Hospital of Michigan, we collected urine and fecal samples from children who were suspected of having elevated body burdens of lead. The evidence used was one or all of the following: (1) xray showed radioopaque materials in the gut; (2) history of pica; (3) elevated blood lead; (4) x-ray showed lead lines in the long bones. Fecal and urine samples were taken from eight such children. These children were 1 to 3 years old and all had exhibited pica tendencies. All stool and urine were separately collected during the first 24 hr after admission to the hospital to insure samples representative of the child's usual environment, not that of the hospital. To provide a baseline, combined stool and urine samples were taken from 10 children of the same age level (1-3 yr) who lived in good housing in Detroit and its suburbs where lead poisoning is not a problem. All samples were collected during the late spring and early summer months. These samples were analyzed for stable lead and 210Pb. Table 5 shows the lead and 210Pb data for the normal children and the children with pica. The normal children average 4 1tgPb/g dry feces, with a range of 2 to 7. Of the eight children suspected of having elevated lead body burdens, two had fecal lead values (4 and 7 jug lead) within the normal range. However, the remaining six were 4 to 400 times higher. Despite these differences in fecal lead between the two groups, the groups were essentially identical in the 210Pb content of their feces. The "elevated" children averaged 0.040 pCi of 210Pb per gram dry feces, while the normal group averaged 0.044 pci/g. Statistical examination of the 210Pb data show that they are lognormally distributed and that there is no statistical difference in the concentration of 210Pb between the two groups. The results of this experiment do not support the hypothesis that young children with pica eat dust.
The child who excreted 1640 jug Pb/g dry feces was treated with chelating agents to lower the blood lead (108 ug Pb/100 ml blood). Table 6 shows the data for stable lead and lead-210 in the urine before and during treatment. As shown, lead output in the urine rose sharply during the treatment, while 210Pb output varied hardly at all. This shows not only that this child was not eating dust and dirt on the day we examined his feces, but also that he had not been doing so earlier. If he had been eating materials high in 210Pb, his tissue levels would have been elevated and 210Pb would have increased in the urine along with the stable lead. This did not happen.
The 210Pb data for these 18 children can be related to the amount of lead-210 that is present normally in the diet. The normal children in this study excreted an average Urine and fecal samples from children admitted to Children's Hospital were collected separately in lead-free containers during the first 24 hr after admission.
All fecal and urine samples were weighed and dried at 100°C. The dry weight was recorded and the sample was taken into solution with nitric and perchloric acid. The lead was taken into methyl isobutyl ketone and analyzed by atomic absorption.
210Pb Analysis
Only a small portion of the methyl isobutyl ketone-lead solution was used to determine lead. The remainder was oxidized with nitric acid. After fuming three times with a few milliliters of HCl, the 210Pb was determined by the method of Black (18) .
Summary
This report has described the results of a two-part study to determine whether lead emitted from motor vehicles contributes to the lead problem in small children. In the first part, we determined lead in dirt around houses in urban areas and rural areas. The data from the urban areas clearly show that the principal cause of elevated lead in the dirt in the yards is leaded paint on these houses. These data were confirmed by measurements of lead in dirt around farmhouses. The distribution was the same as that in the city, showing traffic was not an important consideration.
In the second part of the study, we determined the amount of air-suspended particulate or dustfall a child might eat. We used a naturally occurring tracer, 210Pb, which is present in relatively large amounts in dust but nearly absent from paint. The results showed that children with pica (and other evidence of high lead intake) and normal children excreted identical amounts of 210Pb. Consequently, dust and air-suspended particulate were not the sources of lead in these urban children.
